Rearing rats in small litters leads to obesity and reproductive dysfunction. We 15 investigated the effects of rearing female rats in small litters on various reproductive 16 parameters during puberty and into adulthood, and examined the possible 17 involvement of local ovarian sympathetic nerve activity. The litter size was adjusted 18 on postnatal day one to four pups per dam for the small litters and 12 pups per dam 19 for the normal litters. Vaginal opening was recorded, and estrous cyclicity was 20 monitored daily immediately post puberty for 14 days and again at 8-9 weeks of age. 21 At the time of puberty and 10 weeks of age, the ovaries were collected. The number 22 33
of different types of follicles was counted and the thickness of the theca interna of the 23 largest antral follicles was measured. Ovarian sympathetic nerve activity was assessed 24 immunohistochemically by measuring levels of ovarian nerve growth factor receptor 25 (p75NGFR) and tyrosine hydroxylase (TH). In rats reared in small litters, there was a 26 significant advancement of puberty and disruption of estrous cyclicity immediately 27 post puberty. The number of antral follicles increased in the small litter reared rats at 28 the time of puberty compared with their controls. The thickness of the theca interna 29 increased and the expression profiles of ovarian p75NGFR and TH increased in small 30 litter reared rats at puberty, but this did not persist into adulthood. These data suggest 31 that rearing rats in small litters leads to irregular reproductive cycles, which might 32 involve increased local ovarian sympathetic nerve activity. 36 Postnatal overfeeding induced by rearing animals in small litters results in a dramatic 37 increase in body weight gain and programs for overweightness and persistent 38 hyperphagia in adulthood, even though a standard diet was provided after weaning [1] . 39 It is well established that reproductive function is gated by the state of energy reserves 40 of the organism. The timing of puberty in mammals is tightly coupled to the animals' 41 nutritional and metabolic state. Food restriction in female rats delays puberty [2,3], 42 while female rats reared in small litters have been shown to display early puberty 43 onset [1, 4] . Obesity also affects female reproductive function by affecting 44 spontaneous ovulation in humans and animals. The relationship between excess body 45 fat and reproductive disorders in women appears to be stronger for early-onset obesity 46 during their life, particularly during adolescence [5] . There is evidence that in 47 adolescent and young women, the age of onset of obesity and of menstrual 48 irregularities and oligo-anovulation are significantly correlated [5, 6] . The prevalence 49 of obesity in women with PCOS appears to be much greater than expected in the 50 general population. Studies in the cafeteria diet-overfed [7] and genetically obese 51 Zucker female rats [8] have shown that these animals display a disruption of estrous 52 cyclicity as well as obesity in adulthood. However, the mechanism of how obesity or 53 overweight link to ovarian dysfunction is not established and there is a sparse 54 literature on the effect of rearing in small litters on ovarian activity in the rat. 55 Rats reared in small litters has been shown to accumulate more noradrenaline in the 56 heart than animals reared in larger litters [9], with cardiac noradrenaline 57 4 concentrations inversely related to litter size at 40 days of age [10] . It was shown that 58 noradrenaline levels were also increased in hypothalamus [11] and ovary in the rat [ [17, 18] . However, there is no literature on whether the ovarian sympathetic nerve 69 activity was affected in rats reared in small litters. 70 The aim of this study is to test the hypothesis that rearing female rats in small litters 71 as a model of postnatal overnutrition, which advances puberty, is associated with 72 ovarian dysfunction at puberty and in adulthood, as manifested by alterations in 73 ovarian cyclicity and morphology and expression of ovarian nerve growth factor 74 receptor (p75NGFR) and TH; markers of sympathetic nerve activity. The gain in body weight was significantly greater in small litter compared with 162 normal litter reared rats throughout development, although there was no difference at 163 week one postpartum. The significant difference in body weight persisted into 164 adulthood ( Fig.1) . 165 For the timing of puberty, rearing female rats in small litters significantly advanced or corpora lutea either at puberty or adulthood (Table 1) . However, the number of 187 antral follicles was increased at puberty in the small litter reared rats compared with 188 10 the normal litter reared animals (Table 1) . 189 The thickness of the theca interna layer of the largest follicle was significantly 190 increased in ovaries from the small litter reared group at puberty (Fig. 3A, B, C) , but 191 this difference did not persist into adulthood (Fig. 3D) . The immunostaining for TH was distributed in theca cells of preantral and antral 203 follicles, corpora lutea, and interstitial tissue. The staining pattern for TH in ovaries 204 from rats reared in small litters was the same as that for normal litter controls. 205 However, the staining intensity for TH (theca cells) in preantral follicles was 206 enhanced in ovaries from the small litter reared group at puberty ( Fig. 5A-E) , 207 compared with the normal litter controls (Fig. 5E ), whereas in adulthood (diestrus) 208 this difference was no longer evident. usually relieve or improved as they reach adulthood. The results from our study may 320 help to understand the mechanism underlying PCOS in adolescence. 321 In conclusion, this study shows that rearing rats in small litters, as a model of 322 overnutrition, leads to ovarian dysfunction at puberty, especially disruption of estrous 323 cyclicity, increased numbers of antral follicles and thickening on the theca interna, 324 which might be associated with increased local ovarian sympathetic tone similar to 325 what is observed in women with polycystic ovary.
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